Background Bile leak is a common and serious complication of cholecystectomy with endotherapy being an established method of treatment. This retrospective study presents the 11-year experience of a referral center in endoscopic management of post-cholecystectomy bile leaks.
Introduction
Bile leaks are broadly reported complications of cholecystectomy, with endoscopic management being an effective therapeutic intervention in most of them [1] . Specifically, these complications occur most frequently after laparoscopic surgeries; despite the increased experience with laparoscopy, a review [2] of 1.6 million laparoscopic cholecystectomies showed an unchanged 0.5% incidence of bile duct injury, and only 30% of injuries are recognized at the time of operation [3] . Bile leaks are usually the result of inadvertent surgical damage to the common and hepatic ducts and associated right hepatic artery injury; misidentification of common duct for the cystic duct; failure to completely clip off the cystic duct; clip ligation of the distal common duct resulting in biliary obstruction and leak; leak from the gallbladder bed, accessory hepatic ducts or from the T-tube tract; and excessive use of cautery or laser in the region of the common bile duct (CBD), resulting in bile leak and strictures [4, 5] . The clinical picture of a postoperative bile leak includes an external biliary drainage or an internal biliary-peritoneal leak resulting in biloma, and peritonitis or abscess formation [6, 7] .
This retrospective study presents the 11-year experience of our Department in endoscopic management of postoperative bile leaks.
Patients -Methods
The endoscopy database of the Department of Endoscopy and Motility Unit, a tertiary referral University-affiliated center specialized in endoscopic management of digestive diseases, was reviewed to identify all patients referred for endoscopic retrograde cholangiopancreatography (ERCP) because of suspected post-cholecystectomy bile leak. Data collected included clinical presentation, time between surgical intervention and ERCP, pre-endoscopic work-up [clinical presentation, biochemical and complete blood count profile, ultrasound (US), computed tomography (CT), magnetic resonance cholangiopancreatography (MRCP)], while ERCP imaging results were reviewed to determine the type of injury, type of therapeutic endoscopic intervention and patients' follow-up. Antibiotics were given before the endoscopic procedure in all patients (ciprofloxacin 800 mg/day). All endoscopic procedures were performed by an experienced pancreatobiliary endoscopist (PK), with the patients under midazolam (5-10 mg) plus pethidine (50-100 mg) or propofol (0.5-1 mg/kg) sedation by using a duodenoscope with a large (4.2 mm) accessory channel. The patients were given continuous nasal oxygen and their hemoglobin saturation and pulse rate were monitored with pulse oximetry.
The therapeutic protocol included visualization of the biliary tree. The demonstration of bile leak ( Fig. 1 ) was followed by endoscopic sphincterotomy (ES). If residual stones were seen in the CBD, ES was followed by stone extraction using a balloon or Dormia basket with or without mechanical lithotripsy. A plastic straight stent 10 or 11.5 Fr, of various length (Cotton-Leung or Tannenbaum, WilsonCook) was routinely inserted proximally to the site of the bile leak from the cystic stump (Fig. 2) , the CBD or the common hepatic duct (CHD). If the bile leak was from the gallbladder bed or was due to inadvertent rupture of an aberrant hepatic duct, a short (5 cm) stent standing the papilla was placed.
The clinical healing of the leak was determined by the elimination of the symptoms, by the cessation of the output of the bile from the drain in situ, and by the removal of the drain without any adverse outcome. The failure of the endoscopic treatment was determined by the need for further intervention to control the leak including surgery or percutaneous drainage of the biliary tree.
ERCP complications were classified and graded according to the consensus criteria of Cotton et al [8] . Early post-ERCP complications evaluated were bleeding, submucosal injection or perforation, pancreatitis, cholangitis, and basket impaction [9, 10] . The stents were removed after an interval of four to eight weeks. Patients with CBD or CHD leak and associated stenosis were followed for possible development of biliary stricture with liver function tests and US every three months in the first post-procedure year. MRCP or ERCP was performed only in the case of clinical symptoms or abnormal liver function tests or US. 
Results
Between January 2000 and December 2010 a total of 71 patients [median age: 59 (range 12-83) years, male: 29] were referred to our Department for suspected post-cholecystectomy bile leak. Only 9/71 patients were referred by the surgical service of our hospital; the remaining 62 were referred for ERCP at our Department from other outside institutions. The time interval between surgery and ERCP ranged between 3 to 22 days with a median of 8 days.
The most common presentation was bile leak from the surgical drain (57/71), followed by abdominal pain (4/71), fever (4/71), biloma (4/71) and bloating (2/71) ( Table 1) . High-output bile leak was observed in 17 patients (23.94%) and low-output in 54 patients (76.06%) ( Table 1) .
Conventional cannulation of CBD via a sphincterotome with or without hydrophilic guide-wire was done in 64 patients (90.14%). In six patients (8.45%) precut technique (needleknife n=3, suprapapillary n=2 and transpancreatic n=1) was needed to achieve CBD cannulation. In one patient (1.41%), despite needle-knife papillotomy, cannulation of CBD was unsuccessful, and the patient underwent surgery with primary closure of the bile leak and T-tube placement.
Complete transection of CBD was diagnosed in four patients who were referred for hepaticojejunal anastomosis. In the remaining 66 patients, the commonest site of leak was cystic duct stump (49/66). Other sites were CBD (7/66), CHD (4/66), ducts of Luschka (4/66) and gallbladder bed (2/66) ( Table 1) . In 12 out of 66 patients choledocholithiasis was observed; stones were successfully removed in all cases. Endoscopic interventions for bile leak treatment are demonstrated in Fig. 3 . ES plus stent insertion was the main intervention (64/66). A 10 Fr stent was placed in 53 patients and an 11.5 Fr in 11 patients. In a 12-year-old girl a 7 Fr-7 cm straight plastic stent without ES was placed for a cystic duct stump leak, leading to resolution of leak. An 83-year-old man with leak from gallbladder bed and low-output bile leak was successfully treated with ES alone. In one patient with a defect in CHD and a high-output bile leak, despite repeated ERCP, stent insertion failed to control the leak and he underwent hepaticojejunostomy. Biloma, diagnosed before ERCP, was observed in four patients. Percutaneous drainage was achieved in one patient, while the remaining three patients were treated conservatively. Median hospital stay was 12 (range: 6-31) days. Bile drainage from the surgically placed drain High-output (>300 mL/day) 17
Low-output (<300 mL/day) 54
All patients underwent a repeat ERCP for stent removal four to six weeks after stent placement. Three patients (4.23%) developed mild post-ERCP pancreatitis, were treated conservatively and all recovered without long-term sequelae. Four patients (5.63%) presented intraprocedural bleeding and were treated with injection of adrenaline and thermocoagulation. None of the patients presented perforation, stent occlusion, basket impaction or cholangitis.
During a median follow-up of 39 months (range 3-132 months), bile duct stricture developed in three patients (4.62%) with leak from CHD (n=2) and CBD (n=1). The stricture was resolved in response to balloon dilation and one year stenting in two patients. In the remaining patient with a high-grade stricture, despite six ERCP procedures with serial balloon dilations and stenting, the stricture did not resolve and he underwent hepaticojejunostomy.
Discussion
The widespread acceptance of laparoscopic cholecystectomy, as the treatment of choice for symptomatic cholelithiasis and even for acute cholecystitis, resulted in the rise of incidence of significant postoperative bile leaks from 0.1-0.3% after open cholecystectomy to 0.15-0.7% after laparoscopic cholecystectomy [11] . Whenever biliary leakage is suspected, close collaboration between endoscopists and surgeons is necessary. Immediate visualization of the biliary tract by ERCP is mandatory to confirm the diagnosis and to locate the precise site of the lesion. This procedure has become the preferred diagnostic and therapeutic modality; its role in the management of bile leaks is well established, and ERCP provides an attractive alternative to both radiological and surgical interventions [12] .
The present series of 71 patients with suspected postcholecystectomy bile leaks who were referred for endoscopic treatment is one of the largest published data. Most patients (64/66) were treated by ES plus a 10 Fr or 11.5 Fr straight plastic polyethylene or Teflon stent and presented favorable outcome ( Table 2 ). Only one patient with a defect in the CHD and high-output leak failed to repeat stenting and underwent surgery. The high rate of endoscopic success is in accordance with the results of other clinical [13] [14] [15] and experimental [16] studies which suggest that ES plus stent insertion is more effective to abolish the pressure gradient across the sphincter of Oddi than ES alone, thereby promoting preferential flow of bile into the duodenum and allowing the leak to heal.
Strategies for stent insertion include ''crossing'' the leak site with the stent vs. elimination of the transpapillary pressure gradient without crossing the leak. These two approaches have not been thoroughly evaluated, but, in general, it seems unlikely that crossing the leak provides any additional therapeutic benefit, such as occlusion of the defect.
It is interesting that a young 12-year-old girl with cystic duct stump leak was successfully treated with a 7 Fr straight plastic stent without ES. The 7 Fr stent was chosen in order to minimize the probability of post-ERCP pancreatitis due to pancreatic orifice occlusion by the stent [17] . It is important to maintain the sphincter of Oddi in young patients because the consequences of chronic duodeno-biliary reflux on biliary epithelium are unknown. There are studies suggesting that the chronic duodeno-biliary reflux predisposes to biliary cancer [18, 19] . Alternative treatment strategies to avoid permanent abolishment of basal sphincter of Oddi pressure, especially in young patients, is the topical application of nitroglycerine (which relaxes the sphincter of Oddi) [20] , which was used to heal a post-cholecystectomy bile leak or stenting without ES [14] ; also, botulinum toxin has been shown in an animal model to heal bile leaks with an efficacy equal to stent insertion [21] . However, at present these strategies are experimental and data from clinical trials are needed before being considered for clinical practice.
In one patient with CHD defect and high-output bile leak, the treatment with a 10 Fr straight plastic stent failed to resolve the bile leak. The surgeon preferred the patient to undergo open surgery after failure of first ERCP to control the leak. It is likely that repeated ERCP with two or three stents insertion might have precluded surgery in this patient. Some authors [13, 14] advocated that in major leaks, such as those resulting from damage to CBD or CHD which are often associated with larger defects, plastic stents of large diameter (10 or 11.5 Fr) or multiple stents should be inserted with the intent of filling the bile duct lumen and crossing the site of the leak.
Recently, Wang et al [22] showed the efficacy of endoscopic temporary placement of biliary covered self-expanding metal stents in the treatment of complex bile leaks.
Biliary stricture occurred in only three patients with leak from CHD and CBD and associated stenosis in the cholangiography. Two patients were treated with combination of balloon dilation and stenting and one underwent hepaticojejunal anastomosis. Factors that contribute to stricture formation include local ischemia, electrosurgical injury at surgery and peribiliary inflammation as a result of bile leak [5, 23, 24] . On the other hand, comparably to our findings, endoscopic stenting helps to avoid surgery in more than 80% of patients bearing postcholecystectomy CBD strictures [25] . Complementary percutaneous drainage of bilomas is useful. In our study, a patient with biloma underwent successful percutaneous drainage and three patients with small collections were treated conservatively.
Importantly, we consider that an ERCP should be performed as soon as a probable biliary problem is suspected, particularly bile from the surgically placed abdominal drain, fever, or abdominal distention. Elevated liver function tests during the first two days after cholecystectomy may have no pathologic significance, but the persistence of abnormal liver function tests for more than 72 hours postoperatively should prompt a retrograde opacification and offer possible treatments. Several authors [5, 25, 26] have also emphasized the importance of early aggressive investigation in patients with diffuse abdominal pain, fever, malaise, or liver function abnormalities after cholecystectomy. It should be noted that early ERCP decreases the total hospital stay, thereby reducing the total cost for the patient. In our case series the median time interval from cholecystectomy to ERCP was 8 days. These time intervals show that surgeons often underestimate the importance of prompt referral of patients with possible bile leaks to an experienced biliary endoscopist.
In conclusion, despite the retrospective design of the study, our findings suggest that endoscopic intervention should be considered as the preferred treatment strategy in most patients with post-cholecystectomy bile leak.
Summary Box
What is already known:
• Endoscopic treatment remains the first-choice treatment of post-cholecystectomy bile leaks.
What the new findings are:
• Endoscopic stenting without sphincterotomy appeared to be safe in our pediatric patient with a bile leak, and suggests that sphincterotomy could be avoided in young patients to prevent long-term complications of duodenobiliary reflux.
